Abstract The objective of the study was to control the nucleation and main crystal formation of lithium disilicate, Li2Si2O5 , by an effective nucleating agent to develop high-strength,translucent glass-ceramics .The authors used P2O5 as nucleating agent to precipitate lithium disilicate in glasses derived from the SiO 2-Li 2O-Al2O3-K2O-ZrO2 system. The concentration of P2O5 was up to approx . 3 wt.%. Additives of P2O5 allowed the control of bulk crystallization . Nucleation was catalyzed by Li3PO4 phases . Li3PO4 is the heterogeneous catalyst . The final glass-ceramic is characterized by a dense microstructure with a high crystalline content of more than 70 vol .%.The mechanical strength was determined as biaxial flexural strength of approx . 740 MPa and Weibull factor of 11 .3. The glass-ceramic shows the potential to be applied as a biomaterial for dental restorations. The authors conclude the effectiveness of P2O 5 as nucleating agent on the basis of a heterogeneous nucleation of nanophases and precipitating main crystal phases by epitaxial growth .
INTRODUCTION
Nucleation of lithium silicate crystals in glass-ceramics was reported b y Beall [1] , James [2] , Headley and Loeman [3] . It was possible to precipitate both lithium metasilicate, Li2SiO3, to develop Fotoform (R) or lithium disilicate , Li2Si2O5,to develop F otoceram(R) as devices for micromechanics (Beall[1] ) .High strength glass-ceramics with flexural strength of 400 to 500 MPa were developed in multi -component glassceramics with the main crystal phase of lithium disilicate as a material with a self glazing effect (Echeverria [4] ), or oriented crystals prepared by extrusion (Russel [5] ) , or prepared by p ressing an SiO2-Al2O3-ZnO-Li2O-K2O-P2O5 glass-ceramic(Schweiger et al. [6] , HOland et al. [7] ) . Recently, the authors of this paper reported on nucleation ,phase formationand solid state reaction in a colored ZnO-free lithium disilicate glass -ceramic characterized by translucent properties and unexpected high flexural strength of more than 700 MP a (HOl and et al. [8] ). The basis of the previous study [8] is also a ZnO -free composition , but without col oring components. The main aim of this present study is the characterization of the mechanical properties using P2O5 as nucleating agent .
EXPERIMENTAL
Based of the fundamental study of nucleation and phase formation processes [8] 
DISCUSSION
The short term heat treatment of the glass-ceramic in the nucleation range for 10 min and the 20 min , respectively 10 min annealing to precipitate crystals in the glassy matrix was very effective and resulted in a dens microstructure. Compared to other types of glass-ceramics shown in a general overview by Holand and Beall [11] , the microstructure has to be characterized as an interlocking microstructure. It turns out that a primary crystal growth is dominating the crystal precipitation with the effect that crystals came into contact with each other. The glassy matrix is isolated into islands. Therefore, crack propagation in the glassy matrix is inhibited by crystals. This special microstructure is the reason for a very high flexural strength of more than 700 MPa combined with a translucency of the material. It is well known that the surface quality of the material influences the flexural strength. But such high flexural strength is close to those of sintered ceramics of Al2O3-type. This effect is surprising, because the flexural strength was reached without ion exchange in surface areas of the glass ceramic. In the 70th and 80th, glass-ceramics were developed with ion exchange reactions resulted in high strength. But these materials was sensitive to small surface cracks and the material failed and was limited applied in industry (HWand and Beall [11] ). XRD studies of this glass-ceramic also demonstrated lithium disilicate as main and Li3PO4 as secondary phase. Therefore, as shown in previous studies [8] Li3PO4 reacts as heterogeneous catalyst in the glass-ceramic. But no additional crystal phase formation was determined in surface areas of the glass-ceramic. The Weibull factor of 11.3 gives the option of a good reliability of the material and allows a practical application as biomaterial for dental restoration, especially as metalfree framework for dental crowns or dental bridges. It is possible to veneer this glassceramic with an other type of glass-ceramic, e.g. an fluorapatite containing glassceramic.
CONCLUSION
The authors conclude P2O5 as a very effective nucleating agent to develop high strength glass-ceramics with lithium disilicate as the main crystal phase. The very high flexural strength combined with translucency and high fracture toughness is a result of an interlocking microstructure of the material.
